1. Introduction {#s0005}
===============

The epidemic of the new SARSCoV-2 coronavirus causing COVID-19 disease originating in Wuhan, China, has spread globally with more than 1.9 million infected and more than 142,000 deaths (information up to April 16, 2020). Disease control efforts include counting infected cases, controlling transmission, clinical severity, research in drug treatments, and social isolation. The overall mortality rate varies between 5.5 and 5.9%, but could be as high as 20% in Wuhan where the epicenter of the outbreak occurred ([@bb0015]). In Mexico the reported mortality rate is 9.7% as of June 6, 2020 (<https://coronavirus.gob.mx/datos/>).

The World Health Organization has accomplished an excellent job in establishing the guidelines to face this pandemic, it has marked the protocols of action of the health authorities of all the countries given the magnitude of the event that goes from the most basic prevention such as constant hand washing, hygiene habits, social distancing to detection tests, patient care inside the housing, epidemiological surveillance, among many others (<https://www.who.int/es/emergencies/diseases/novel-coronavirus-2019>).

Although all population groups may be at risk of contracting SARSCoV-2, the risk of mortality associated with COVID-19 is higher in people over 60 years of age, and in population groups with chronic diseases such as cardiovascular disease, diabetes, chronic respiratory disease and kidney disease ([@bb0025]; [@bb0030]; [@bb0105]; [@bb0150]; [@bb0180]).

The COVID-19 pandemic could have serious effects on the well-being, quality of life, livelihoods and health of all populations, but most significantly on those who are most vulnerable.

From the perspective of human health risk assessment, risk must be understood as the vulnerability of a population and its capacity to respond to new conditions in order to mitigate potential effects.

The vulnerability has several definitions, all of them including the degree to which individuals are susceptible or unable to cope with adverse effects. Thus, the vulnerability in human health is a function of i) -vulnerable individuals- which includes factors such as the sensitivity of the population at greatest risk (exposure-response relationship), ii) -exposure factors- which includes the pathways and points of exposure to an agent that causes harm, and iii) measures and actions implemented to mitigate the burden of an adverse health outcome, whose effectiveness is the result of managing the exposure-response relationship.

In general, the vulnerability of a population depends on its local environment, the level of material resources, the effectiveness of governance and institutions, the quality of public health infrastructure and access to local information ([@bb0045]). Clearly, these factors are not uniform and differ according to geography, demographics and socio-economic factors. Effectively targeting prevention strategies requires an understanding of demographic subpopulations, therefore individual, community and geographic factors determine vulnerability.

To build health, the factors that are related to the origin of the disease and those that affect the well-being of the population must be addressed. Its study should be analyzed from a perspective that includes the scenario of risks (COVID-19) in a context of vulnerability (poverty, marginalization, violence, social security, among others) for human health and the environment.

In this review, the main objective was to identify the vulnerabilities of indigenous peoples in the context of Mexico, from an environmental, social and health perspective and thus approach proposals for tools to increase the capacity to adapt to the COVID-19.

2. Identification of socio-economic vulnerabilities in the context of the indigenous population in Mexico {#s0010}
=========================================================================================================

2.1. Population size and people at risk {#s0015}
---------------------------------------

The National Commission for the Development of Indigenous Communities in Mexico, now the National Institute of Indigenous Communities, states that of the 119,530,753 inhabitants in Mexico, there is an indigenous population of 12,025,947 (10.1%), distributed in 64,172 communities ([@bb0145]).

In Mexico, 8 (Chiapas, Hidalgo, San Luis Potosí, Oaxaca, Yucatán, Veracruz, Durango, and Guerrero) of the 32 entities concentrate between 66 and 85% of the indigenous population. The largest populations are: Nahuatl, (24%); Maya, (13.7%); Mixteco, (6.8%); Zapoteco, (6.8%); Tseltal, (5.7%); Paipai, (5.5%); Otomi, (5.5%); Tsotsil, (5.1%); Totonaco (3.6%); and Mazahua (3.0%). These 10 towns of the 68 that exist in our country, concentrate 80% of the indigenous population ([@bb0145]).

In 2015, it was recorded that 51.1% of the indigenous population were women and 48.9% men, the demographic distribution of the indigenous population under 15 years of age represented 31.8%, the group of 15--64 years represented 60.7% and 7.4% of people were over 65 years ([@bb0145]). Until 2015, 10.4% of the indigenous population was over 60 years old ([@bb0145]), but in addition 4 out of 5 older adults who speak an indigenous language are monolingual and only 18% also speak Spanish, therefore, the transmission of prevention messages, symptoms, and any intervention measure for COVID-19 disease must contemplate language to achieve effective communication. In view of this, Mexico must implement measures planned from an intercultural perspective. Among these initial efforts are the actions carried out by the National Institute of Indigenous Peoples in Mexico, which has translated information from the health sector for the prevention of COVID-19 virus infection into 35 indigenous languages, focusing on the WHO recommendations (<https://www.gob.mx/inpi/documentos/coronavirus-en-lenguas-indigenas?idiom=es>).

2.2. Socio-economic indicators {#s0020}
------------------------------

The efforts to prevent and mitigate COVID-19 disease in indigenous peoples in Mexico have been the same as those implemented in the general population. They are based so far on the transmission of information, such as the "Stay at Home" campaign, messages about proper handwashing and hygiene measures, social distancing, among others, this in a precarious socio-economic context.

In 2018, the National Council for the Evaluation of Social Development Policy stated that 11.8 million indigenous people in Mexico are in situations of poverty and extreme poverty. Social deprivation indicators show that 3.7 million are lagging in education, 1.9 million in access to health services, 9.4 million in access to social security, 3.8 million in food, 3.4 million in housing quality and space and 6.9 million in basic housing services, of which 12.8% lack piped water, 26.9% do not have sanitation services, 13.9% of homes have dirt floors and 58.8% cook with wood or charcoal ([@bb0040]).

These inequities are factors that will not allow the COVID-19 to be confronted in indigenous communities. Although preventive actions such as constant handwashing have worked in mainly urban contexts ([@bb0315]), the barriers to the marginalization that include limited access to piped water, soap, and drainage (the use of dry or wet toilets is common in these areas but lacks adequate maintenance arrangements), make these solutions unprovable in all indigenous communities.

Achieving permanent access in these populations to piped water 24 h a day at the moment is not feasible, the long-term goal is slow and costly. To address this problem in the short and medium-term there are successful community programmes such as the hand-washing stations in rural Kenya, the cost per station was US\$ 14.35 ([@bb0090]). So investing in this program at present could be an alternative to mitigate contagion in indigenous communities.

2.3. Migration and return to communities {#s0025}
----------------------------------------

Another phenomenon that has contributed to the spread of the infection is the return of the indigenous population from work sites to their communities of origin. Migration is a social determinant of indigenous health. The phenomenon of migration has a negative impact on the health of indigenous migrants ([@bb0170]), While improvements in their living conditions are sought, indigenous migrants are the most vulnerable as they are paid less than their non-indigenous counterparts, occupy precarious jobs where discrimination, poor access to benefits and health care are a reality ([@bb0210]).

By recognizing this group and taking into account their social characteristics (work within informality) we are faced with a scenario where they have difficulty accessing health services. Now, it may be an important indicator of potentially contagious infected people returning to their communities, in the absence of a key coordinated response in public health planning and public health system response ([@bb0175]). There is a continuous flow of indigenous migration to urban destinations, where they are employed mainly in jobs such as construction, domestic work or informal sector sales ([@bb0240]).

Data from 2015 indicate high national mobility among the indigenous population and show the states of Baja California Sur, Nuevo León, Colima, Mexico City, Aguascalientes, Sinaloa, and Baja California as a pole of attraction, recruiting more than 70% of migrants ([@bb0145]). Within these national migratory movements, there is evidence that the population of indigenous peoples within cities is concentrated in the periphery where there are scenarios with marked social inequalities ([@bb0060]). Concerning international mobility, the main destination is the United States. For example, the transnational circuit of indigenous Triqui immigrants from the mountains of Oaxaca to northeastern Washington state and central California has been documented ([@bb0125]); from the P\'urépechas of Michoacán to North Carolina, the Nahuas of Tlaxcala to New York ([@bb0005]) and the Mixtecs and Zapotecas of Oaxaca whose main destination is California ([@bb0160]).

In response to the pandemic, many indigenous leaders have taken protection into their own hands, in some cases shielding their borders, which can lead to stigmatization of the disease and undermine social cohesion, causing social isolation of population groups. To this end, WHO has designed programmes to reduce this type of action (<https://www.paho.org/es/documentos/estigmatizacion-social-asociada-covid-19>), in which it recommends that communication with indigenous peoples about the disease should take into account these recommendations to avoid social conflict. For example, in Colombia, a Latin American country with about 2000 of the more than 30,000 confirmed cases of COVID-19 in the region, indigenous leaders in the mountainous department of Cauca were threatened by drug trafficking groups after they closed their borders by establishing 69 checkpoints protected by 1200 guards ([@bb0155]). Some indigenous leaders in Peru decided to close their borders to people outside their communities until COVID-19 is under control ([@bb0330]).

COVID-19 disease could potentially have serious effects on the well-being, livelihoods, and health of all peoples. The strict public health policy measures of quarantine and isolation implemented by China in Wuhan showed a reduction in the effective number of propagation ([@bb0050]) and 76 days later they ended the closure of their borders. The United Nations Permanent Forum on Indigenous Issues mentions that several Indigenous Peoples\' communities have self-imposed quarantine and have established controls to limit access to their communities. These mechanisms should be respected and strengthened whenever requested.

2.4. The indigenous digital breach {#s0030}
----------------------------------

Global culture brings with it certain "ideal" lifestyles which are difficult to achieve within the reality of indigenous populations. This global culture is generally mediated by exposure to the media and the expansion of the use of Information and Communication Technologies. This refers to the creation, distribution, and use of information, relegating indigenous communities to the role of recipients and not as generators of health information.

In Mexico, there are 80.6 million internet users, but internet use is an urban phenomenon as 76% of users are in cities compared to 47% in rural areas ([@bb0140]). Despite the limitations that indigenous populations confront in relation to technological areas (lack of infrastructure and low purchasing power), we can consider that within the users, young people have greater access to the Internet and that they have more schooling than their parents and older adults ([@bb0285]). This is an important point in the design of intervention strategies, as we already highlighted, local indigenous communities do not often have a complete command of the main languages. The UN Permanent Forum on Indigenous Issues recommends that to avoid communication breaks that will spread the disease, all key messages on hygiene, quarantine, and containment should be shared with traditional leaders and youth leaders and translated into local indigenous languages. Faced with this pandemic situation, the Mexican government has the program "Youth Building the Future" and has a census of more than 678 thousand young people between 18 and 29 years old, who during one year are linked to institutions, companies, workshops or businesses where they develop or strengthen work habits and technical skills to increase their employment opportunities in the future. This is where an opportunity is found to establish a strategy for the formation of local human capital. If only 10% of these young people were in indigenous localities, all the indigenous communities in Mexico would be covered, with training in the surveillance and prevention systems for COVID-19, support for telemedicine in strategic communities, and so could be covered even more and vulnerabilities due to lack of access to information could be reduced.

3. Identification of environmental vulnerability in the indigenous population {#s0035}
=============================================================================

Environmental factors associated with chemical contamination are a vulnerability factor in the indigenous population to the effects of the present pandemic. In general, pollution is related to the premature death of 9 million people per year worldwide and 268 million disability-adjusted life-years (DALYs), which represents about 16% of all deaths on the planet, three times more than those caused by HIV-AIDS, tuberculosis, and malaria combined and 15 times more than those caused by violence ([@bb0165]).

But well-being is not only related to the environment through the risks of exposure to pollutants but also to mental health, nutrition, culture and the generation of natural resources, these are some of the health factors that can be affected by the quality of ecosystems. These new interactions are now defined as the ecological determinants of health ([@bb0115]). If the ecosystem becomes ill, man, being part of the ecosystem, also becomes ill. Therefore, climate change with floods, droughts, temperature increases, acidification of the oceans, and so on, affects health in the full extent of the concept.

Our research group has reported exposure to different toxics in indigenous communities in Mexico, identifying exposure to lead from the use of glazed clay ([@bb0075]), organochlorine insecticides such as DDT that were used for malaria vector control ([@bb0085]), polycyclic aromatic hydrocarbons and particulate matter from the use of wood for cooking ([@bb0070]; [@bb0080]), volatile organic compounds ([@bb0245]), mining areas ([@bb0270]), water contaminated with carcinogenic hydrocarbons ([@bb0185]; [@bb0290]) and contaminants of biological origin such as aflatoxins from the consumption of contaminated maize ([@bb0055]). In other words, the indigenous population is exposed to various chemical mixtures and, therefore, we can assume the maximum risk and, consequently, conclude that due to exposure to chemical mixtures they are in a high vulnerability.

Since the pandemic is unfortunately in progress, there are limited data on the environment and the progress of the disease, research is currently focused on climate variations such as temperature and humidity associated with the increase in cases of COVID-19 ([@bb0190]). In this regard, one hypothesis we raise in indigenous communities is that indoor air pollution (IAP) has an association with the severity of COVID-19. This, supported by studies on factors such as smoking which is associated with the adverse prognosis of the disease, because of the negative impact it has on the lung and the immune system ([@bb0295]).

Solid fuel smoke, burned in inefficient devices, possesses most of the toxins found in tobacco smoke and has also been associated with a variety of diseases, including chronic obstructive pulmonary disease and lung cancer in women and acute respiratory infection in children ([@bb0250]). Notably, the child population exposed to IAP increases the risk of childhood pneumonia two-fold and is associated with 45% of pneumonia deaths in children under 5 years ([@bb0310]).

In our country, 23 million people use wood in their homes ([@bb0135]), which mainly inhabit rural and marginalized urban areas ([@bb0020]). Our research group has identified different areas with IAP scenarios in indigenous populations ([@bb0080]; [@bb0195]; [@bb0200]), in whose prevalence of respiratory diseases is 39% compared to 22% in non-indigenous communities among people with similar demographic characteristics ([@bb0255]).

On the other hand, despite the fact that smoke is composed of several toxic and even carcinogenic pollutants ([@bb0215]), particulate matter (PM) that has a diameter of less than 2.5 μm are the best indicator for assessing health risks from IAP ([@bb0220]). This is because they have been associated with different health effects, mainly with respiratory and cardiovascular diseases ([@bb0320]). The effects on the respiratory system include: increased incidence and severity of asthma, decreased lung function, increased chronic respiratory disease, exacerbation of bronchitis symptoms, and an increase in acute respiratory infections mainly from viral or bacterial origin ([@bb0110]).

The particles present different size and physical form, which allows PM2.5 to pass through the respiratory system, depositing mainly in the tracheobronchial region and reaching the alveoli ([@bb0130]). Studies in rural communities of Michoacán indicate average PM2.5 concentrations in households from 51 to 319 μg/m^3^ ([@bb0265]), en San Luis Potosí, 155.2 μg/m^3^ ([@bb0070]). In Mexico, the Official Mexican Norm NOM-025-SSA1--2014, establishes that the maximum concentration must be 45 μg/m^3^ ([@bb0280]); meanwhile, the WHO has published a maximum permissible limit of 25 μg/m^3^ as an average of 24 h ([@bb0225]).

The main factors that increase the proportion of these pollutants are the size of the dwelling, the ventilation of the kitchen, the relative humidity, the temperature, but also the use of a stove inside the home. To this end, efficient stove programmes have been designed, which have managed to reduce PM2.5 ([@bb0335]) y furthermore, it has been shown to reduce the effects mainly in terms of reducing the duration of the respiratory infection ([@bb0260]). This program has been implemented in some states and extensively in indigenous areas, however, it has not had the continuity and follow-up, now during the COVID-19 pandemic, there is an excellent area of opportunity to implement programs to transition to cleaner energy that achieves adoption and sustained use.

For all the above reasons, a contaminated environment must be considered as a factor of vulnerability to the serious effects of COVID-19. We are aware that this review is based on studies of environmental contamination carried out in indigenous communities in Mexico, and that no conclusive evidence has been shown about environmental contamination and the severity of COVID-19. Nevertheless, the Precautionary Principle must be used in this case even though there are considerable scientific uncertainties about the probability, causality, magnitude and nature of the damage of a certain disease ([@bb0010]): this is exactly the case of COVID-19 in the indigenous regions of Mexico.

4. Identification of the health vulnerability of the indigenous population {#s0040}
==========================================================================

The unfavorable health and quality of life conditions that have historically prevailed among the indigenous people of Mexico are well known. Because of the COVID-19, we can identify two main vulnerabilities for health in indigenous peoples, i) health coverage and ii) development of the disease.

The Health System in Mexico is a segmented system consisting of a social security system that serves the population with a formal job and covers 50% of the population and the other social protection model (Popular Insurance now the Health Institute for Welfare) created to serve the rest of the population.

In the indigenous areas, social security coverage is only 11%, with a predominance of 70.6% affiliation to the Popular Insurance and 15.1% with no health coverage at all ([@bb0100]).

The distribution of health resources also presents an enormous difference. While in the municipalities without an indigenous presence there are 377 clinics and 336 beds, the municipalities with high indigenous presence have only 63 clinics and 31 beds per 100 thousand inhabitants. The distribution of human resources for health is also unequal. In municipalities where there is no indigenous presence, the rate of doctors (general and specialists) is 670 per 100,000 inhabitants, compared to 86 doctors in municipalities with a high indigenous presence ([@bb0100]). Their most common access to health services is through a medical intern. This intern, the only doctor in the community, is responsible for attending to all illnesses as well as generating all the preventive health programs that should be implemented in the community ([@bb0235]). Other challenges associated with health coverage are the geographical distribution of staff at the subnational level and the areas of care that must be addressed ([@bb0305]).

In Mexico, almost 20 million people lack access to health services, many of whom are indigenous people ([@bb0035]). Therefore, it is not enough just to have human resources, but programmes should be promoted to facilitate their mobility to territories with greater health inequality.

The United Nations Department of Economic and Social Affairs of Indigenous People, mentions that all indigenous populations have much more precarious health, are more likely to become disabled and to have their quality of life diminished, and ultimately die younger than other populations.

One of the greatest problems faced by indigenous people, particularly women, is the fact that they have the worst health indicators in the whole country: high general mortality, high infant mortality, high maternal mortality and high prevalence of malnutrition. It is also a population with high fertility rates and short intergenesic periods ([@bb0275]).

Within the 20 leading causes of death in the indigenous Mexican population, non-communicable diseases such as heart disease, malignant tumors, diabetes mellitus type 2 (DM2), chronic obstructive pulmonary disease and two infectious diseases remain among the leading causes of death, intestinal infections, influenza, and pneumonia ([@bb0275]).

Chronic diseases in our country, Diabetes mellitus type 2, hypertension and obesity are present at alarming rates. In the Mexican indigenous population, it has been indicated that there is a prevalence of metabolic syndrome of up to 50.3%, with a prevalence of 42.7% of high blood pressure ([@bb0205]).

There is increasing evidence from national health systems that a higher burden of chronic kidney disease occurs in indigenous populations driven by social disadvantage, greater loss of kidney function, and increased progression among indigenous people with diabetes ([@bb0065]; [@bb0325]).

On the other hand, some states in Mexico are dengue and zika endemic areas, the rainy season in Mexico is typically between the months of July--October, and historically cases of dengue and dengue hemorrhagic fever infection are increasing ([@bb0120]). So we will have a high probability of co-infections of both viruses in indigenous areas, with mixed symptoms, which may worsen the epidemiological situation of diagnosis, control, and treatment.

The scenario recorded in this article is one of very high health risk in a context of lack of adequate information for better decision-making, which cannot be ignored by public health authorities.

It is clear then that health must be approached from another horizon and with non-conventional health tools. In the face of this pandemic, it reflects that not only clinical care and the construction of hospitals are necessary to fight it, but it extends to a wide range of factors that make it possible to build a healthy life, such as access to drinking water, food security, housing, living and working in healthy environments, health education, and information, and gender equity.

5. Tools to increase adaptive capacity {#s0045}
======================================

At this time the health system is based on disease. But the World Health Assembly, since 2016, has called for a shift in strategy towards a framework on people-centered health services, which could be achieved by applying five strategies ([@bb0230]). The five interdependent strategies are i) making people and communities responsible and involved; ii) strengthening participatory governance and common responsibility; iii) re-orienting the care model, strengthening primary care and re-evaluating advocacy and prevention efforts; (iv) coordinating services between and within sectors, not only in the health sector but also in other sectors, such as social services, finance, education, employment, housing, and the environment; and (v) creating conditions for achieving integrated attention, people-centered care, which requires the implementation of complex innovations in processes and services.

A community-based health system that could be achieved by applying for protection, prevention, promotion, and preparedness, building inter-institutional alliances to promote health as the axis of environmental, health, educational and food interventions, at different levels and in multiple and simultaneous directions. Starting with participatory schemes, local networks with health personnel, health promoters and families ([@bb0095]). Through common structures and the development of its relational, contextual, anticipatory, strategic and innovative components, community-based health is built, which allows for the orientation of collective efforts towards health promotion and prevention of COVID-19. Among the actions to be developed are participatory community diagnoses, the formation of local multidisciplinary teams, mobile brigades and campaigns, participatory workshops, multilevel evaluation, and early warning systems, among others.

The health risk in the most vulnerable population within the context must be determined through a combination of participatory techniques that allow us to understand the population\'s perception of risk. Its main lines of action should focus on monitoring the disease, timely detection of cases and community strategies to prevent transmission. Communities must have the right to propose contextualized intervention strategies based on reliable information, respecting at all times the interests and priorities of the community.

6. Conclusion {#s0050}
=============

The contaminated community, besides suffering the environmental threats, are areas of high poverty and, therefore, the domestic activities are precarious and of the informal economic sector, with no health control and no economic support to improve working conditions. Poverty has been associated with greater social disadvantage, lack of access to health services, poor quality of education services, lack of nutritional education (obesity) and/or lack of food (malnutrition), lack of drinking water, addictions, domestic violence and finally, the migration of human capital. ([@bb0300]). In rural areas, this includes mismanagement of natural resources in the environment, leading to problems with biodiversity and ecosystems\' environmental services.

One element of cohesion, perhaps the first in importance, is health. Health is a priority for society. Health is closely related to education and the economy. When someone in the family falls ill, individual and family well-being is affected. The lack of access to health services to which the indigenous population is exposed causes health expenses, which, tied to the situation of poverty in which they are immersed, leads to catastrophic and/or impoverishing expenses that put at risk the subsequent growth of individuals and their family environment. In other terms, health is the best element of cohesion for inserting proposals for development and progress in contaminated communities, given the vulnerability to which they are exposed in the presence of the COVID-19 pandemic.
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